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(57) Abstract 

A method is described for controlling pressure loss in connection with transportation of fluid in a pipeline ( 1) by controlling electrical 
charge concentration In fluid and/or pipeline. According to the invention the fluid is supplied with an electrical charge from at least one 
electrode (2, 3) arranged In the pipeline (1), at least the pipeline's (1) inner wall being made of a material which is capable of absorbing a 
charge from the fluid and retaining mis charge, with the result that the amount of similar charges in the pipeline's (1) wall and the fluid is 
increased, thereby creating electrical repulsive forces between fluid and pipe wall. By this means the friction between pipe wall and fluid 
is reduced. 
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method for redMcimg pressure loss in comnaectiojoi with transport of fluid 
in pipes/dimcts 

The present invention relates to a method for reducing pressure loss in a cost- 
effective, safe and energy-effective manner and thereby investment and 
5 operating costs in connection with transport of fluids in pipes/ducts. 

A familiar and serious problem for all those who are involved in transporting 
fluids in pipes/ducts is that in many cases this transport is. expensive and 
energy-demanding on account of pressure loss due to friction between the 
fluids and the pipe/duct. A method for cost-effectively reducing pressure loss 
10 in connection with pipe flows will therefore be of great value* 

From US 4,254,800 it is known that it is possible to supply an electrical 
charge to a fluid which is transported in a pipe and subsequently expose the 
fluid to electrostatic or magnetic forces in order to regulate the through-flow 
of the fluid. In this publication* however, it is only described how this can be 
15 used to reduce the through-flow by the described apparatus acting as a valve 
at a given location in the pipe. 

The task of the present invention is to provide a method for reducing the 
pressure drop in a pipeline where a fluid is transported over substantial 
distances and where the result of the pressure drop is that it is energy- 
20 demanding to pump the fluid through the pipeline. Thus a reduction in the 
pressure drop will lead to a corresponding reduction in the energy 
consumption during the fluid transport. 

These objectives are achieved by employing the methods according to claim 
1. The remaining claims describe advantageous embodiments of the method. 

25 It is a well-known fact in physics that an important factor for determining 
which pressure level is necessary for maintaining fluid flow in pipes is the 
friction between fluid and pipe. It is further known from classic electrostatics 
that similar charges repel each other and dissimilar charges attract each 
other. According to classic fluid mechanics and electrostatics, therefore, the 

30 friction between fluid and pipe/duct and thereby the pressure which is 

required to maintain the flow will be dependent on net electrical charge in 
fluid and pipe/duct. Increased similar net charges in fluid and pipe/duct will 
reduce pressure loss since electrical repulsive forces near the pipe wall will 
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reduce the contact surface and thereby the friction between fluid and 
pipe/duct while increased dissimilar net charges will increase the pressure 
loss. 

It has been found that the above-mentioned physical laws can be applied and 
5 that pressure loss in connection with pipe flow can be controlled by 

controlling the net charge in pipe/duct and fluid. According to the invention, 
therefore, the pressure loss can be reduced by increasing the amount of 
similar charges in pipe/duct and fluid, and the pressure loss increased by 
reducing the amount of similar charges in pipe/duct and fluid or increasing 
10 the amount of dissimilar charges. This requires the pipe wall to be made of 
an insulating material or at least one which is a poor conductor of electricity, 
such as teflon or another "flow coating" which is used for oil transport. The 
fluid moreover must be insulating or at least dielectric. In other words, the 
method can be used for hydrocarbons and gases, but not for water, 

15 In a preferred embodiment of the invention the pipe/duct is formed from a . . 
material with adapted electrical conductivity properties, thus enabling the 
pipe/duct to retain a supplied net charge. The pipe/duct and/or fluid is then 
supplied with a net charge with the desired polarity by connecting it or them 
to a suitable power and/or voltage generator. 

20 In a further preferred embodiment optimal pressure drop is achieved by 
controlling the space charge distribution in the fluid by extending a thin 
electrode (small contact surface) in the fluid flow's longitudinal direction, 
which electrode is coupled to the power and/or voltage generator. 

The invention will now be described in further detail with reference to the 
25 attached drawings, in which 

Fig. 1 is a schematic representation of the principle design of the invention, 

Fig. 2 is an alternative design of an electrode for use in implementation of 
the method. 

Figure 1 illustrates the principle construction of an embodiment of the 
30 method according to the invention. In a pipeline 1 in which fluid is 

transported the pipe wall, or at least the pipe wall's internal surface, is made 
of a . material which is capable of absorbing and retaining electrical charges, 
but which is a poor conductor of electricity. Examples of such materials are 
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teflon and other "flow coating 11 which are employed in oil transportation. In 
order to supply the fluid with an electrical charge, an electrode grid 2 can be 
arranged across the direction of flow and/or a longitudinal electrode 3 can be 
provided which in this example is provided as a centre electrode in the 

5 pipeline. By means of these electrodes 2, 3 the fluid will absorb an electrical 
charge. For its part the fluid will emit a charge to the pipelined 1 inner walL 
On account of its poor electrical conductivity > and possibly also due to the . 
fact that the pipeline is insulated from earth, the pipeline's inner wall will not 
emit a charge as quickly as it absorbs a charge before both fluid and pipeline 

10 are charged with charges with the same sign. In other words, electrical 

repulsive forces will be created between pipe wall and. fluid, thus reducing 
the friction between fluid and the pipeline's inner wall. 

The electrode grid 2 and the centre electrode 3 will preferably be made of a . 
conducting or semi-conducting material of great durability. A suitable 

15 material for this purpose is stainless steel. It is necessary for the centre 
electrode 3 to be attached in such a manner that it remains substantially 
centred in the pipeline. This can be implemented by means of a stay 4 which 
preferably is electrically insulated from the centre electrode, and which in 
other respects is designed so as to offer the least possible flow resistance to 

20 the fluid. If there is an electrode grid 2 it should also be designed so that it 

does not offer any marked flow resistance to the fluid which is transported in 
the pipeline 1 . 

For supplying a charge to the fluid the electrodes 2, 3 are connected to one 
pole of a power or voltage source 5 whose other pole is connected to earth. In 
25 order to supply an adequate charge the voltage source should preferably have 
a voltage level of between lkV and lSOkV. In some cases it may also be 
appropriate to have even higher voltage levels. This will vary according to 
what kind of fluid is being transported in the pipeline 1, the diameter of the 
pipeline 1, the fluid's flow rate, the pipe wall's ability to absorb and retain a 
30 charge, etc., and must be adapted in each individual case. The voltage which 
is supplied to the electrodes will preferably be direct voltage, but it may also 
be appropriate to use voltage pulses. Any overlaying of a direct voltage with 
voltage pulses (ripples) will be able to influence the fluid's ionic properties* 
thus giving the system improved efficiency with lower voltages. Again the 
35 choice of voltage levels as well as pulse duration and frequency will depend 
on the characteristics of the different remaining parts of the system, such as 
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for example fluid and pipeline, and a person skilled in the art must select 
those values which are most effective in each individual case. 

Figure 2 illustrates a detail of a system corresponding to that in figure 1, but 
where the longitudinal electrode 3 is in the form of a spiral which is arranged 

5 at a relatively short distance from the pipelined 1 inner wall. In this 

embodiment a charge will be emitted to the fluid at a short distance from the 
pipe wall, and the transport of the charge from the fluid to the pipe wall will 
be more effective. Furthermore, the ion flow will generate some heat, leading 
to a certain increase in temperature in the fluid, which will have a positive 

10 effect on the fluid's viscosity. In a possible embodiment of the method 
according to the invention the electrode's electrical resistance and/or the 
power/voltage level from the power supply 5 will be chosen so as to create 
farther heating. Again it will be dependent on external circumstances, such as 
for example the fluid's characteristics, whether consumption of energy for 

15 such heating provides a net energy gain when transporting fluid through the 
pipeline. This in turn will be a question of technical adaptations of the 
method in order to obtain the most efficient system possible. 
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PATENT CLAIMS 

1 . A method for controlling pressure loss in connection with fluid flow in 
pipelines, 

characterized in that the charge concentration in the pipeline (1) and the fluid 
5 is controlled by providing at least one electrode (2, 3) in the pipeline (1) and 
that a voltage is applied to this at least one electrode (2, 3) with the result 
that when the fluid passes this at least one electrode (2, 3) the electrical 
charge is emitted to the fluid, the fluid further emitting the charge to the pipe 
wall, thus increasing the amount of similar charges in the pipeline's (1) wall 
10 and the fluid; 

2. A method according to claim 1, 

characterized in that at least the pipeline's (1) inner wall is made of a 
material with adapted electrical conductivity characteristics, thus enabling it 
to absorb and retain the supplied net charge. 

15 3. A method according to claim 2, 

characterized in that the said material is teflon. 

4. A method according to one of the preceding claims, 

characterized in that the voltage which is applied to the at least one electrode 

is at least lkV. 

20 5. A method according to one of the preceding claims, 

characterized in that the voltage which is applied to the at least one electrode 
is in the range lkV to 150kV. 

6. A method according to one of the preceding claims, 
characterized in that as the at least one electrode (2, 3) an electrode grid (2) 

25 is employed which is arranged across the fluid's direction of flow. 

7. A method according to one of the preceding claims, 
characterized in that as the at least one electrode (2, 3) an electrode (3) is 
employed which is arranged in the pipeline's (1) longitudinal direction, 

8. A method according to claim 7, 

30 characterized in that the electrode (3) arranged in the pipeline's (1 ) 
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longitudinal direction is a centre electrode with a small diameter and 
arranged along the pipeline's (1) centre axis (figure 1). 

.9. A methpd according to claim 7, 

characterized in that the electrode (3) arranged in the pipeline's (1) 
5 longitudinal direction is in the form of a spiral which is disposed at a short 
distance from the pipeline's (1) inner wall. 

10. A method according to one of the preceding claims, 
characterized in that the at least one electrode's (2, 3) electrical 
characteristics and power/voltage level which are applied thereto are so 
10 selected that sufficient heat is emitted from the at least one electrode (2, 3) to 
increase the temperature of the fluid, thereby changing its viscosity. . 



PAGE 22/28 * RCVDAT1/5J2006 7:06:47 AM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:<47 55302701 "DURATION (mm-ss):09-36 





PAGE 23/28 ' RCVD AT 1/5/2006 7:06:47 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/24 ■ DNIS:2738300 ' CSID:+47 55302701 ' DURATION (mm-ss):09-36 



Faks sendt av : *47 55302781 



ADMOKA TF I RfIA HARRIS 



B5-B1-86 13:12 Sid: 24/28 



i. ? 



INTERNATIONAL SEARCH REPORT 



International application No. . 
PCT/NO 99/00142 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: F15C l/04> F17D 1/16, G05D 7/06 

According to international Patent classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassiftcauon syriem followed by classification symbols) 

IPC6; F15C, G05D, F17D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE^DK^I.NO classes as above 



Electronic data b we consulted during the international search (name of data baa* and, where pr&ctkabic. search terms Used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - 



Citation of document, with indication! where appropriate, of the relevant passage* 



US 4254800 A (KENJI MASAKl)> 10 March 1981 
(10.03,81), column 3, line 12 - line 35 



GB 1385551 A (LEMIMSRADSKY ORDENA LENIMA 

POLITEKKNICHESKY IMSTITUT IMEMI M.I. KALI NX MA) > 
26 February 1975 (26,02.75), claims 1-4 



US 4203398 A (HIROYUKI MARUOKA), 20 May 1980 
(20.05.80)» colutnn 2, line 24 - line 55 



DE 3233838 Al (WSW PLANUNGSGESELLSCHAFT MBH) » 
15 March 1984 (15.03.84) f abstract 



Rdevant to cUrim No. 



1-7 



1,7 



1,4-6 



1,3 



Further documents arc listed in the continuation of Box C. Sec patent family annex. 



Sped tJ categories of cited documents 
* A* document defining the general ant of the art *hi ch i* rot considered 

to be of parneiflar relevance 
"E" crlier document but published on or after Ci< imenwnonal filing date 
*L" document which, may throw doubts on priority cizdm{») or which is 
cited to estahlim the pubucaaon date of another tittnon or other 
special reJwoa (as specified) 
"O" document referring u> an oral disclosure, uw, CJOubinon or other 



'P* document puhli died pner 10 the international filing date bat lalcr thaa 
• the prlorhy date claimed 



later document published after the imefnan onal fihng date or priority 
date and not in conflict with the application but cited to undersuad 
the principle or theory underlying the invention 

'X* document of paniailar relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

- Y* document or particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or mure other such documents* such comhi nation 
being obvious to a person dcUlcd in the art 

'AV document member Of the same patent family - 



Date of the actual completion of the international search 

38 Sept l$99 



Name and mailing address of the ISAr 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Date of mailing of the international search report 

0 7 -10- 1999 . 



Authorized officer 

Lars Jakob55on/AE 

Telephone No- + 46 8 782 25 00 



Form PCT/1SA/21Q (second sheet) (Jury 1992) 

PAGE 24/28 1 RCVD AT 1/512006 7:06:47 AM [Eastern Standard Time] 4 SVR:USPTO-iFXRF-6)24 * DNI8:2738300 ' CSID:*47 55302701 ■ DURATION (mnvss):0M6 



Faks sendt av! +47 55382781 ADVOKATFIRMA HARRIS 85-81-86 13:12 Sid: 25/28 



2 



INTERNATIONAL SEARCH REPORT International application No, 

PCT/NO 99/00142 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


G union of document, with indication, where appropriate, of the relevant passage* 


Relevant to claim No. 


P 


WO 9919260 Al (WA5KAAS, MAGNE), 22 April 1999 
(22.04.99), abstract 


1 



Form PCT/ISA/210 (cominuuion of second ihtel) (July 1992) 



PAGE 25/28 * RCVD AT 1/5/2006 7:06:47 AM (Eastern Standard Time] « SVR:USPT0-E FXRF-6/24 * DNIS:2738300 1 CSID:W 55302701 • DURATION (mnvss):09-36 



Faks sendt au : *47 553B2781 



ADMOKATF IRMA HARRIS 



05-81-86 13:13 Sid: 26/28 



INTERNATIONAL SEARCH REPORT 
Information, on patent family members 



30/08/99 



Patent document 
cited in search report 



Publication 
date 



International application No. 
PCT/NO 99/00142 



Patent family 
member(i) 



Publican op 
date 



US 4254800 A 
GB 1385551 A 



10/03/81 
26/02/75 



NONE 



NONE 



US 4203398 A 



20/05/80 



DE 3233838 Al 
W0 9919260 Al 



15/03/84 



CA 
DE 
GB 
JP 
OP 
JP 

NONE 



1109545 A 
2720523 A,C 
1571201 A 
52135988 A 
53000390 A 
53001324 A 



22/09/81 
24/11/77 
09/07/80 
14/11/77 
05/01/78 
09/01/78 



22/04/99 



AU 9561898 A 
NO 974715 A 



03/05/99 
12/04/99 



Form PCT/lSA/i 10 (patent family annex) (July 1992) 

PAGE 26/28 • RCVD AT 1/512006 7:06:47 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 ' CSID:*47 55302701 » DURATION fmm-ss):09-36 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

/Ef LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



